Objective: To evaluate the reliability of alcohol consumption measured by five different dietary methods in the Catalan Nutrition Survey (1992 -1993). Design: The different questionnaires used were: (1) two 7-day food records, (2) five items addressing alcoholic beverages in a 76-item food-frequency questionnaire, (3) a 1-week recall of 13 alcoholic beverages, (4) a 13-item alcoholic beverages frequency questionnaire and (5) two 24-hour recalls. Subjects: Ninety-three of the 120 adults (aged 20 to 70 years) initially recruited completed the questionnaires and provided a peripheral blood sample. Results: Mean daily alcohol intakes as assessed by the questionnaires were very similar. Beer was the alcoholic beverage most frequently consumed, followed by wine and liquor. Eighty-two per cent of the study population consumed less than 20 g of alcohol per day. No biochemical parameters were significantly correlated with alcohol intake estimated from the questionnaires. Conclusions: We found a satisfactory level of reproducibility and validity in the pattern of alcohol consumption across different levels and types of alcoholic beverage intake. We also found that the self-administered 13-item questionnaire and the 1-week recall were the best techniques to measure moderate or low alcohol consumption, suggesting that the two methods are the most suitable to assess overall alcohol intake in the general population.
Alcohol is an age-old drug, the most widely used psychoactive substance in our society and an important determinant of several common diseases in humans. It occupies a very important place in our culture and in the economy. Its consumption has been traditionally high in Mediterranean countries, particularly those in the western part of the Mediterranean Basin 1 . The pattern and problem of drinking alcohol are distinctive in these countries (regular daily intake, especially wine, is more common than binge ingestion) and evaluation of alcohol intake has focused too much on the alcohol-dependent population and the assessment of excessive alcohol intake. Low and moderate alcohol consumption may increase or reduce the risk of cancer, heart and liver diseases 2 , highlighting the need for accurate and practical methods to assess low levels of alcohol intake.
It has been suggested that moderate alcohol consumption protects against coronary heart disease, and that this may at least partly explain the low cardiovascular disease incidence and mortality in Mediterranean countries. However, the interpretation of this observed relationship is still controversial 3, 4 . A number of epidemiological and biologically plausible mechanisms of action have been formulated, including the relationship between alcohol drinking and high-density lipoprotein cholesterol apolipoproteins, fibrinolysis, coagulation factors and blood pressure, but none has yet been firmly established. Most authors consider low or moderate alcohol consumption to be a protective factor for certain diseases and syndromes 5 . However, on a public health scale, drinking alcohol is significantly linked to the risk of liver cirrhosis and a few cancer sites, including those of the upper digestive and respiratory tract, whose incidence and mortality are exceedingly high in western Mediterranean countries 6 . Consuming alcohol is a widespread habit in Spain, especially at mealtimes and particularly in males 7 -9 . However, alcohol consumption including wine and spirits has been decreasing in Spain during the last decade 10 . Assessment methods for alcohol consumption at an individual level may include various procedures with different measures of alcohol intake. Estimates of alcohol consumption could be made using self-reported infor-mation, and by interview, proxy reports and blood analysis.
The aim of this study was to select a simple method for measuring alcohol consumption in a cohort study that analyses the relationship between levels of alcohol consumption and liver disease incidence in Spain. In this study, we compared and evaluated five questionnaires: (1) two 7-day dietary records (14-day diet record), (2) a fiveitem questionnaire included in a food-frequency questionnaire, (3) a 1-week recall, (4) a 13-item self-reported alcoholic beverages frequency questionnaire, and (5) two 24-hour recalls on non-consecutive days. In this paper, the comparison of the mentioned procedures was not a rigorous test of reliability and validity of the different methods used to assess alcohol consumption, but rather a comparison of the questionnaires most frequently used in studies. Reported alcohol intake and consumption of alcoholic beverages were compared in a random sample of adults from Catalonia, a Mediterranean region of Northeast Spain.
Material and methods

Study design
The general design of the Catalan Nutrition Survey has been published elsewhere 11 . A random sample of individuals completed five different interviews and selfadministered food-frequency questionnaires, between 1992 and 1993, with a time sequence of completion as defined in Fig. 1 . Most of the data on alcohol consumption used in this study were collected as a part of the survey on nutritional status assessment in the study population.
Subjects
A total of 120 adults (62 men and 58 women, aged 20 to 70 years) were recruited from the initial random sample of the Catalan Nutrition Survey. A sample of peripheral blood was obtained from each participant, for a total of 100 people out of 120 initially recruited.
Questionnaires
Five different questionnaires were gathered from May 1992 to June 1993, as follows.
1. Two 7-day food records obtained by trained interviewers were collected from November 1992 to June 1993. This was chosen as the reference method because it is not affected by memory and provides a direct quantitative measure of intake. 2. A 76-item food-frequency questionnaire was used in the first part of the Catalan Nutrition Survey. The questionnaire included five alcoholic beverages (beer, wine, vermouths, liquors and spirits) and was gathered by personal interview in the subject's home. 3. A 1-week recall of 13 alcoholic beverages (medium beer, small beer, beer without alcohol, red wine, white wine, sherry, sweet wine, champagne, cocktails, liquors, spirits with coffee, whisky, sweet liquors) was obtained in the second part of the Catalan Nutrition Survey. Taking into account that part of the health information gathered in this survey would be used as a baseline data set for the CINDI Study 12 in Catalonia, we also applied the assessment method required for this World Health Organization international programme. It consisted of a 1-week consumption recall of 13 alcoholic beverages. This questionnaire was also obtained by personal interview in the subject's home. 4. A 13-item alcoholic beverage frequency questionnaire was self-administered and reviewed by a dietitian just before the blood sample was taken at the local clinic.
As for the 1-week recall, a commonly used unit or portion size was specified for each beverage item. Subjects were asked how often, on average, they had consumed the specific amount of each item over the past year. There was a range of possible responses from 'never' to 'daily'. 5. Two 24-hour recalls, the first one being collected from May to June 1992 and the second one from November to December 1992, which were a specific part of the Catalan Nutrition Survey. Results represent the individual average from both 24-hour recalls.
Analytical techniques A 12-hour fasting blood sample was obtained from each individual from January to June 1993. Analyses were performed at the Vall d'Hebron General Hospital in Barcelona, Spain. Serum high-density lipoprotein cholesterol (HDL-C) was measured by spectrophotometry, gamma-glutamyl transferase (gGT) was determined by enzymatic colorimetry with an autoanalyser, erythrocyte medium corpuscular volume (MCV) was measured by volumetry (Coulterw and Counterw), and ferritin levels were determined by immunofluorescence.
Procedure
The different questionnaires were sequentially administered by trained interviewers and self-administered by the subjects themselves. Participants and interviewers were Fig. 1 Time sequence of completion of two 7-day food records (7-DFR), a five-item alcoholic beverages in a food-frequency questionnaire (5-AB-FFQ), a 13-item self-reported alcoholic beverages frequency questionnaire (13-AB-FQ), two 24-hour recalls (24-HR) and a 1-week recall (WR); and blood sample (Blood-S) among 93 adults in Catalonia, Spain instructed to record the different types of questionnaire used in this analysis. The time sequence of completion of these different questionnaire types is represented schematically in Fig. 1 . Conversion of alcohol beverages into grams of alcohol was made using the Spanish and French food consumption tables 11 . The total alcohol intake for each subject was computed as the sum of the different alcoholic beverages reported. Different types of alcoholic beverage were considered separately in order to verify the ability of the questionnaires to assess detailed intake patterns of a variety of alcoholic beverages. Finally, reported intakes of alcoholic beverages such as wine, beer, spirits and liquors were also computed and compared.
Reported alcohol intake measured by the five different methods was compared with serum HDL-C, gGT, MCV and ferritin levels, which are sensitive parameters to alcohol consumption 5, 13, 14 .
Statistical analysis
From the initial random sample of 120 people aged 20 to 70 years, 100 completed diet records and 93 people had all the information from the different questionnaires as well as the blood analysis. The Pearson correlation coefficient was used in order to compare alcohol intakes (expressed as log e ) for individual subjects from the diet records and questionnaires. We also classified individuals into consumption categories (0 g, 1-19 g and $20 g alcohol per day). Tertiles of consumption from each method were used to examine the degree of misclassification across categories. Pearson correlation coefficients were also used to compare estimations of alcohol intake from diet records and questionnaires with HDL-C, gGT, MCV and ferritin levels.
Results
Comparison of the five measurement methods of alcohol intake under study (classified in three categories of consumption) is shown in Table 1 . Alcohol consumption had an approximate log-normal distribution with the tail skewed towards the higher values (mean of 10:22^8:21 g alcohol per day). As assessed by diet records, 18% of the population consumed more than 20 g of alcohol per day (Table 1 ) and 2.7% more than 60 g.
All questionnaires showed that beer was the alcoholic beverage most frequently consumed, followed by wine and liquor ( Table 2 ). The five-item questionnaire detected the highest average of beer consumption and, in this instrument, wine consumption was among the lowest. The two 24-hour recalls detected the highest percentage abstemious.
The Pearson correlation coefficient was used in order to compare alcohol intakes (expressed as log e ) for individual subjects from the diet records and questionnaires. Examination of the correlation matrix in Table 3 reveals that all of the questionnaire techniques are highly correlated (between 0.70 and 0.83) and that the questionnaire most highly correlated with the reference method is the 13-item food-frequency questionnaire. Moreover, we found that no biochemical parameters or indicators were significantly correlated to alcohol intake estimates (Table 3) . According to the analysis of the correlation matrix based on calculated Pearson correlations, we found that the self-administered 13-item questionnaire was the best method together with the 1-week recall to assess moderate or low alcohol consumption. Results indicate the superior capacity of the 13-item self-administered frequency questionnaire versus the decreased ability of the 24-hour recall method to assess levels of alcohol intake. The degree of misclassification in tertiles of consumption for each method, compared with the two 7-day dietary record standard, is presented in Table 4 . The best classifications of high consumers (highest tertiles) were obtained by the 1-week recall and the 13-item alcoholic beverage frequency questionnaire (80% of agreement).
Discussion
In our country alcohol consumption constitutes a widespread custom. The consumption of alcoholic beverages is one of the main features of the Spanish lifestyle. In 1995, Spain ranked seventh world-wide in the consumption of alcohol, with 10 litres of pure alcohol per capita. This indicates the need to consider harmful health habits within the context of characteristic cultural and social lifestyles that interact with other factors instead of merely focusing on individual behaviour.
Although wine is the traditional Mediterranean alcoholic beverage, beer is the alcoholic beverage most frequently consumed among respondents in our study. This reflects the increasing trend of beer drinking and the decline of wine consumption in Spain over the past two decades. We found no major differences in reporting by beverage type, suggesting that any observed differences of effects according to beverage type are not solely due to different measurement errors.
This study attempts to evaluate the reliability and concordance of five short measures of alcohol and dietary consumption with biochemical parameters. This linkage is an important issue, since most methodological studies of alcohol consumption measures do not use biochemical parameters to estimate the validity of the instruments.
The problem of measuring alcohol consumption, and in particular the question of validity and reliability of selfreports and questionnaires, is a regularly recurring topic in scientific discussions 15, 16 . In past decades several types of retrospective method have been used in alcohol consumption surveys. They can be roughly divided into two categories, the so-called summary measures and the instruments based on recent drinking occasions. The summary measures require the respondent to evaluate aspects of individual behaviour Table 3 Comparison of five questionnaires and some biochemical parameters to assess alcohol intake: correlation matrix over a certain period of time. They are based on questions about frequency and quantity of drinking and are used mostly in American surveys. The recent drinking occasions approach uses self-reports of current consumption. The respondent is asked to list all the drinking events that have occurred in the recent past. This type of method is often used in European surveys. In this work, special attention was given to reach an intermediate measurement method between the American and European approaches. It is a very well known fact that self-reports on alcohol consumption cannot be trusted in all cases. Deliberate underreporting is an important factor responsible for the large discrepancy between surveys of reported intake and consumption estimates based on sales. However, questionnaires are in general the best method to assess alcohol consumption in all purposes and circumstances. In selfadministered questionnaires the threat and the discomfort imposed by questions on alcohol drinking is probably smaller than in face-to-face interviews 17 -19 . Among methods to assess alcohol intake, diet records provide a relatively direct quantitative measurement and minimally depend on memory 20 -22 . However, diet records are impractical to use in typical epidemiological studies. Therefore, most studies have employed self-reports of 'usual' or 'customary' intake to evaluate alcohol consumption. We found that diet records and questionnaire estimates are highly correlated, as shown by the similar estimated mean intakes. Similar consistency between diet records and questionnaire measures of alcohol intake has been observed in other studies 23 -26 . A simple measure of overall intake may not distinguish between the patterns of frequent light drinking and infrequent heavy drinking, but the relative stability of individual intake over time indicates that even a single measurement provides useful information. We found that self-administered and interviewer-administered questionnaires can provide estimates of alcohol consumption in the range of moderate intakes. This compares favourably with measures of other exposures that are frequently used in epidemiological studies.
Since the assessment methods of this study are different, correlated sources of error should be small 17, 27, 28 . The likeliest source of correlated error may arise from participants who intentionally underreport intake for the five methods. In fact, excessive drinking may be perceived as socially inappropriate. Intentional underreporting seems less likely for moderate and low consumption, which is common in Spain and other Mediterranean countries where it is not generally considered undesirable behaviour 9, 29 . The biochemical indicators used in this analysis were not correlated to alcohol intake, although in other studies a relationship has been observed 5, 13, 14 . The low consumption levels of alcoholic beverages in our sample and also the reduced sample size 30 could account for this phenomenon.
The choice of the best method for assessing alcohol intake is a difficult issue since all of the methods studied yield reasonable concordance. Moreover, the possibility of biased results could exist due to the exposure of participants to a variety of assessment tools administered over a one-year period (learning bias).
In summary, despite the aforementioned caveats, the self-administered 13-item questionnaire seems to be the best method to assess moderate or low alcohol consumption, followed by the 1-week recall. In our study no biochemical indicators were correlated to low and moderate alcohol intake estimates. 
